P L I C A T 



ED STATES LETTERS PATENT 



METHODS FOR IDENTIFYING SOMATIC CHANGES 
XTSJ GENOMIC SEQUENCES USEFUL 
FOR CANCER DIAGNOSIS AND PROGNOSIS 



by 



,nri Serqei Malkhosyan 
Manuel Perucho and Serge 

CERTIFICATE OF MAILING BY 11 EXPRESS MAIL" 
"EXPRESS MAIL" MAILING LABEL NUMBER = EL45495487U* 
DATE OF DEPOSIT: August 16, 19 9 9 

sheets o £ Drawing Seven 

ADDRESSED TO: THE Abbl&i-*" 
WASHINGTON, D.C. 20231. 



Attorneys 

,S LLI 

Suite 



CAMPBELL & FLORES ^ 7Q0 

43 ,0 La Jolla ™£g££;' 9 ££* 

San Diego, Calironua 



^ for -;-- G E ^ "s 

SEQUENCES USEFUL FOR CANCER DIAONOSXS AND 

Th rs application clai.s the -nefit of 0 . S . 
Provisional Application No. "'^^^v Terence. 



5 August 17, 



^ with government support 
This mention was ^ cM8579 and 

under National Institutes of Health 
CR63585. 

Thl s mention relates generally " th.fi.la. 
'° , 1= r aenetics and medicrne, and 

o£ bi oche m istry, ™°^2rL identifying 9 eno m ic 
»re specifically to methods fo ^ moiecular 

"""^rc n 1 outcome of sheets ,ith cancer. 

15 prognostic emu 

BACKfflQim-CiTHEJffiSNIIOH 

Cenomic insta.ility characterizes neoplastic 
- transformation and .enerate tumor «U ^ ^ ^ 
stations activate posit ve ^ulato ^ role in 

20 survival and inactivate (LOH) -sH 

these processes. Losses <inDD , essor genes. LOH can 

25 recently *y PC, ampl Ki-t- „ _ 
mi crosatelUte loci. The subse quent 

characterization of RB ana p 
tumor suppressor gene era. 
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of aenetic material provide only 
But losses of genets 

* ^ ^„fnrted qenome found m tne 
hal f of the picture o he ■ _ ^ 

maj ority of cance cell.. 0 ^ 

diagnostic ^"tors p of genetic material « 

oncogenes such a. c-K ras contributing to 

als o lead to overexpress.cn o£ gene 

■ -in the absence of mutation. 

""••r'.'-'riir.ir" — — 

of such abnormalities is totally 
al ., wrote in their recent review. 

Kecent progress in the molecular genetics of 
cancer has facilitated the detec ^ ^ 
..normalities at the ^ techn i q ue for 

differential analysis (RDA) P and 

the identification and isolation of — RFLP 
over _ rep resented in tumor genomes. LOB an. V 
or microallelotyping procedures can be used 
section of tumor suppressor gene . Ho-.v 
techniques cannot identify mo er « ^ 
. orial improvements to maKe ru^ ^ 
25 ^Implemented -J — ^^ 
expen se of losing imp - 1^ ^ ^ 
hyb ridization CGH * 

numerical and structu instrumenta tion and can 

regions . 

DNA fingerprinting of polymorphic 

^ t-o studv anonymous somatic 
minisatellites has been used to study 
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hybridlzatlon 0£ , :r 

the altered seances is difficult. 

The Arbitrarily Primed Polymerase Chain 
ine rtj-^ Patent No. 

r RP-PCR, as described rn U.S. Patent 
Keactron or AP PC^ f lng erprinting technrgue 

5,487, 985, rs a PGR b " e chosen sequence and 

usin g sin9 le prrmet - rb^ ^ 

several ^ many PCR products 

annealing at multiple 9 each 

that represent a D.A fingerpr nt ^ ^ „. 

p— — r : umorTnd no^ tissues 

PCR fingerprints from matched inge rprinting 

stifles "^1^0- of the 

was instrumental for tne canC er. The 

mlc rosatellrte mutator hlfts revealed 

d etection of recurr nt ^ ^ q£ thQusands 

the tumor-specxfrc accum genome -wide 

of somatic clonal muta ron ^^ tllm . a mu tator 

instability rn repetitive q hereditary 

phenotype pathway for some sporadrc 

gastrointestinal cancers. 

Th e quantitative nature of AP-PCR 
f „ ln ting also allows the ^ or 

-ec-iy. - * - 

fingerprint bands can be assxgne ^ 

r;:;::":; an unbiased <* 



tumors . 



4-v, 0 role in tumor 
Evidence supporting the role x 

• „ „ -f rrpnetic material is 
development of moderate gams of gen ^ 

established ( — •■'^ FiiCWi 
(iond on, 225, 136-139; Sprra, J- ««n • 

, ■ r (1979) ?z° c - Natl - 
Klein, G. (1979 fiondM) 294 , 

66 19-6621; and Klern, * < 198 ' cancer 
development have remained essentially una P 

- - - — - £ashi ;i::t e rrLAL » t 

, scientific archetypes: fit.t. laterD n 
the studies on mutant dominant 
re cessive tumor suppressor gen 

fluctuations depends °" ^ Q , Connell , p., 

preceding (-.amura, , : . -PP ' ■ ^ 
S Wolff, Holm. T.. culver , ^ 

E . , Hoff, M., Kumlin, E., ^ sllv erstein, 

1616 -1622; and «igler. M , ^ trend -setting 

studles (vogelstein B Fearon ^ ., ^ & 

. -, ^ cp preismger, a.<~., 
20 Hamilton, S.R., P and Shih, C Shilo, 

R ■ <1 989 > S " MCe " ' beM R 6 Weinberg, R.A- 

^ i.f.rh MP., Dannenberg, ' 
B.Z., Goldfarb, t7 SA 76, 5714-5718). 

vr-,-*-? Acad. Sci. uo/i 
(19 79) Proc. Natl. Acad. aDD i ie d to study 

Although several approache s have — J^^.. are 

25 g enetic changes m «" c « gains of ge netio 

available for the study of moderate g 

material . 

pespite the progress made in 

■ i fools for examining the molecular 
powerful analytical tools fo f ingerprin ting, 

^■f ranrer, such as, H.r 

- rrri: . :;: :;; 1= r::« :rr 
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in 
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advantageous course of treatmen 



cancer . 



4--; c -Ftps this ongoing 
The present invention satisfies 

it has been surprisingly discov alleiic 

.0 prognostic olinioal outcome of a sub^e 
been invented. 

clinical outcome of 
A method of determine the clinic 
■ t h a cancer using a Genomic Damage Fraction 
a subj ect - h a C C rmining the relative change in 
1S comprising, (. = cancerQUS cells and 

guantity of nucleic aci ^ the 

Genomic Damage Fraction ,„ b1e ct according 

(c) determining the prognosis of said 

r-riir nrpater than a 
20 to said subject's GDF, where clinica l 
^ rnF is indicative of a tirsu 
predetermined GDF is iesser than a 

, r, a Door prognosis) , ana a 
outcome (e.g., a poor p y seC ond clinical 

• * rnF is indicative of a seconu 
^determined GDF is ^ , method of 

° UtCOm : I q cer a ^genomic seguences whose aiterations 
25 identifying certain g ^ have 

during tumorigenesis of a sub.e outcome of 

v „ a i„ a for determining the clinical 
prognostic value for deterninlng the moiecular 

sai d subject comprise ng ( ,, mpl otypi ng", of 

PrOfile l t 0 dirf: 0 r: s ires of Progression from the same 
30 tumors at ditteren y (losses and 

/ 1_ \ iripntifYing changes 

rr,; - - •»• — 



a 



,ion (eg., metastatic stage), and 
stages of tumor progression (eg accord ing 
«c» —fining the prognosis s ^ , of 

to said subject's status of these 9 indlcatlve o£ a 

step b , where a change ( oss ; _ „ no 

cli nical outcome (i.e., good prognosis,. 

, AP -PC R DNA fingerprints of colorectal tumors^ 
Fig ure 1. PC po lyacrylamide sequencing 

10 Autoradiogram of a denat 9 arb itrary 
gel o£ the AP-PCP fingerp r ts^ ^ ^ f _ 
primer MCCi with * ^ cancer patient s 

normal and tumor tissues ^ ^ 

indicated - top. ^ ^ ^ 

15 fingerprint lanes of me tastasis <M> . 

tissue W, P»mary tumor (P) and 1 ^ ^ 

N , P and M were available from ^\ at 
N and M were available for * ^ bands 

the left indicate the chromosom al^origi^ ^ ^ ^ ^ ^ 

„ er e males Band ^ chromosomes 2 

C ° mPOS : 22 SoL other bands were composite of sequences 
llf and 22. Some chro mosomes, such as 

m ainly derived from at least Malkho syan, 
25 bands C, L and , ™ ^ ^ 

S - Vela T:', " Xn tH cases, no estimation of 
Genomics 34,1 /)- except for band C 

intenslt y variations bands represent 

(se e -tailed Descrip i n. o ^ ^ bands 

30 the two strands of the s ^ ^ 

BO, B2, G and J). Band P b the ir 

polymorphism that resolves the ™ \ ^ 9 , 10, 

P dif£ere nt size in heterozygous cases (case 



ri 14) The approximate size of some of the cloned 
13 and 14). a PP E:7 50bp; F:710b P ; J:575, 

fingerprint bands are: D.800b P , 
M: 525bp; and Q: 405 bp. 

Fig _ ,. »-P« « — — ° f tUmM C611 UneS ° f 
5 c^acte.Ue, Karyotypes. ^ ^ ^ tQp . 

The cell ixnes and 9 gQ ng q£ Dfm 

F ingerprints were generated 5 ^ >t 

each cel l line using primer MCG1 The q 
rlg ht and the chromosomes o, each and^ ^ ^ 

-j t fmm chromosomes X ana u 
L0 and J, from cniu these denaturing 

the two n strands are resolved th^ ^ ^ _ 

non-linear nu^ primer 
1S PCR Product due to sequence ; = "J^. o£ 
annealing regrons -™ ^ individual is 

tumor and normal trssues sequen ces, since 

inform t:: ^ - . 

the problem of mtei their 
20 These ceil lines were e^its 

< PS eudo,diploid nature <al ^ ^ ^ ^ ^ ^ 

t. lonosomic f or X American .issue Cell Type 
Collection) . 

Faur e 3 Microallelotyping of colorectal tumors. 
25 Fl gure 3. Mr di3s221 (frQm 

Microsatellite repeats D13S1 ^ ^ 

ch romosome 13 q , were amplrfred by PCR ents of 

sa me genomic D.As which were Th /r.dio.ctive 

i (rases indicated at the top) • The 
30 rrrodulrs were analysed in denaturing sec.uencrng gels. 

„ 4. Chromosome 13 regions o £ gains and losses in 
metastatic colon cancer. 



Rb locus and the three — tVPe -n- ««- ^ 

,a F and J) determined by fUK 
primer (A 0 , & anu u, 

Us ,^«o .t -1, in Prep^on . a t h 
di „ucleotide repeats analyzed «-h ^r PP _ aMlysls 

• + Triple bars summarize at ngnr. 

l0CaUZatl °"- bars) , microalleotyping (middle 

by amplotypmg (left bars), 

bars, and the coined analyses r ^ _ 

metastatic tumors shown at the P repres ented 
studies, including other tumors not shown ^ 

■ i y^ r under "Common regions m tne 
with a ^ o£ the figure is the sugary of 

the figure. At the Knutzen, 
ch romosomal changes °>'«™ d ^ * E , Heselmeyer, 

' ^:rr-;. -re the thi.lrnes represent 
chromosomal gains. 

Figur e S . Molecular karyotype (amplotype, of metastatic 

colon cancer. ^ 25 analyze d 

,0 E ach bar represen t. . * P c ^ ^ ^ panel) 

cancer cases) of loss ^ rhana e of the 

of . ohromosomal region detected a hang ^ 

intensity of a correspond^ AP- CR *a q ^ ^ 

the three bands from chromosome 8 band 

j hand K from BLUE primer) are repr 
25 primer and band K ^ frQm 

three bars on chromosome 8. The obtained wi th two 

n * fhf finqerprmts obtameu 
complete analysis of the fxng P bands 

30 status of chromosomes 17 and 18. 

Fi9ur e 6. comparative amplotypes of primary and 
metastatic colon cancer. 



The symbols are as in Figure 4. Percent indicate the 
a /er e values of gains and iosses from the ™"iple 
fingerprint bands for each chromosome 
see Fig. 4) in the 12 primary (Dukes' D) and 25 

■ , ,„„ The P values of the comparison 
5 metastatic tumors. The * were 

be tween primary <P, and < , ^ 

calculated by the Fisher e-c t y ^ 

significant values are shown (losses 

„nr :;r,r.rr;,r.;™rr:".r.,.» 

P=0.024 for chromosome 4 losses, and There fore, 
1 for chromosome 6 and 12 gains, ^ ^ ' S 

U only the losses of chromosome 4 and gams 

S 15 are considered to be significantly increased in 

» metastatic versus primary tumors. 

i „ ^-f ap-PCR fingerprinting for 
Figure 7. Prognostic value of AP PCR g 

^ colon cancer. ^nr^r 

The figure shows the survival curves of colorectal cancer 
" patients according to the losses of a fingerprrnt band 

I chromosome 4. A panel of 35 colorectal — 
ith follow-up information after surgical 
curative intent (Arribas, R„ Capella, G.. Tortola, S 

t Grizzle, W.E., Perucho, M. *. Pernado, M.A., 
Masramon, L., Grizzle 3230 _ 3240) we re analyzed by 

,-10.0,-M t Clin. Oncol. lo, s^^v 

, 1997) J. Cirn differences in disease 

AP-PCR DNA fingerprinting, and the 
£ree survival time were compared relative to the 

Iterations observed in the fingerprint bands. Kaplan- 
t I! disease free survival curves are plotted according 

Z Helic status of band N of the BLUE arbitrary 
to the allelic stat ^ Malkho syan, 

primer fingerprints (Yasuda, 

S., Velazguez, A., Seikya, T. I Perucho, ». 1996, 
Genomics 34,1-7,. Losses of this band are linked to 
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25 



10 

Isk, independently of Duke, stage (BR= 2-6. 



increased r 
95% CI: 1.0-6.4, p=0.0427> 



■4-v, hbP nresent invention, 
In accordance with the pre 

.hods are provided for determining the 
5 methods are pr Genomic Damage 

of a subject with a cancer using 

Fracti on T -- e - mining the relative change in 
qua ntit y o/nucLlc acid, between cancels cells and 
" — ~T ^rr^c Oamage Fraction 

from the results of step (a); subje ct 
c determining the prognose of 

•d subject's GDF, where a GDF greater than 
according to sard sub D ect clini cal 
^ mF is indicative of a rirsu 
1S a predetermined GDF is than a 

^ noor prognosis), anu 
outcome (e.g., a poor p y sec0 nd clinical 

■ a rnF is indicative of a secona 
predetermined GDF is 

outcome (e.g., a good prognosis)- 

r>f this embodiment is 
For example, one aspect of 

determined using clinical 

fa is of this embodiment is "here the 
aspects is of 3econd clinical 

outcome is increased r s* ^ in 

° Ut r ilidn: d e llnld b y the -e, of guantitative 
25 nucleic acids is a fingerprint bands 

a nd/or gualitati^e - - ^ ^ -h the 

present in the cance ous c ^ ^ 

;itL=£ri~ r rirgein 

30 -~ ^—irnldrrnl^ of gnalitati. 

i: -ere the 



, r acids is determined by the number of 
change in nucleic acids 

e and ^UUtl- = - -^^^ ln Mcleio 

£ing erprint ^, -»^it, !» nucleic acids; 
acids is a gam or loss q in 
where the relative change m nuclexc acrd ^ 

rr:;;::,::, - has colorectal ^. 

4= i-ho nresent invention, is 
Another embodiment of the pre.e 
, a method of determining the clinical outcome 

with a cancer comprrsrng, ^ ^ ^ fingerprint Qf 

from said subject; 
no n-cancerous cells^ ^ ^ ^ t „ int of 

po nc from said subject; 
5 p„mar y cancer cells^^ ^ ^ ^ „ f 

«r- cells from said subject; and 
metaStatlC r C identi fy rng chromosomal regions 

— ^ rrosiii'onrieic ^ 

20 wherein the occurence of gams q£ the 

in certain chromosomal regrons rs prog 
cli nical outcome for said subject. 

^ of this embodiment is 
where the gam or loss or compa red to 

primary ' ^^^^^ 4 obtained using the 

det ermined „ where ths band is band „ 

BLUE primer (SEQ ID n primer, 
from the DNA fingerprint generated with 

■ n i mother embodiment of the present 

- »•="■'•" 

of a subject with a cancer comprisxng, 
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a . derating the AP-PCR DNA fingerprint of 
Qllq from said subject; 
— "grating t h e AP-P« « f-gerprint of 

rollq from said subject; 
primary cancer ^ regions fro m 

5 c - ldentlty 9 (a) and (b), where 

RP -PCR DMA fingerprint data of steps 

ga ius or losses of ^ ^ngerprints of 

!\ rlTran^ fro. step a an. step , 
chromosomes l, ^ nucleic acids m 

10 wherein presence of gain or os q£ the clinica l 

certain chromosomal regions is prog 
outcome for said subject. 

- - — prrnt is 

4- ^ the present invention 
Yet mother ^ - he P ^ ^ ^ 

18 a method of P«dictxn g * clx nxcal 

with cancer using an amplotype 

20 comprising, rpaions that have 

locating chromosomal region 

gained and lost nucleic acids using AP-PC* - 

£ingerPri t n9; identifying sard chromosomal regions that 

25 have lost - Cle ^;; t i d ; y :;; d said c hromosomal regions that 

have gained nucleic acids; acco rding to 

herein the carnation of gams and X s se 
chromosomal regions are prognostic 
30 outcome for subject with cancer. 

For e X ample, one aspect of this — ent i^ 
uh ere the results of step ,o, and step <C 



• ~ -t-he chromosomal regions 
according to the en , according to 

herein the cognation of garn= , .n 1 »• 
chromosomal regions are prognostic 
outcome for subject with cancer. 

Defijlitions 

u . the term "Blue Primer" refers 
As used herein, the te ^ ^ 

to the nucleic acid sequence, 5' CCG 
GA 3' (SEQ ID NO: 1) - 

. hhe term "Genomic Damage 
. ^ T D rX.t a «,re of the change in 
Fraction", or GDF rete non _ n0 rmal cells (e.g., 

q uantrty of nucieic acids between o, : ^ 
cancerous ceiis, and normal ^ 
predetermined GDF value rs " tab 
5 GDFs of a group of individual s with c ^ 

correlating this information wrth actual 
for the individuals. 

m easure of the gam rn guantrty 
20 non-normal cells (e.g., cancerous cells, 
in an individual. 

, hprein the term " GDF L " refers to a 
As used herein, * betwee n 
m easure of the loss in quantity <* ™*» ^ 
non -normal cells (e.g., cancerous cells) 
25 in an individual. 

As used herein, the term "AP-PCR DNA 
■ t no" refers to a technique for the raprd 
£ir ,gerprrntmg re e ^ ampilf icatlon 

aeneratmg of a set 
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. '.tic of a genome as a fingerprint as 

-amplotyping" refers to the P r prima ry 

. a. ^-f ranrprous cells v«»y-' ^ 
AP -PCR DNA fingerprint of cancer 

cells or metastatic cancer cells) 
cancer cells t wlth can cer, and 

non-cancerous cells of a sub, informatlon 

wording to gain - combiMtions of chromoso „es 
5 ; a — I -n, nucleic acids is prognostic of the 
clinical outcome of the subject. 

Rs used herein, the term "determining the 

-4-v, rancer" refers to 
f _ cnbiect with cancer 
dinical outcome o a sub, ^ ^ ^ 

-B SUb38Ct e g , poor prognosis, such as, 

recurrence of the cancer, e.g., P ^ 

_j rate of progress of a cancer 
an increased rate o J cancer will bec ome 

an d,or the mcrea i - ^ ^.^ wm have 

^^^ris^ - recurrence of cancer, e.g., *«. 
20 de " eaSed " h as a decreased rate of progress of a 
P crerrn'a S ::;el;, an d/ or a decreased livelihood the 
cancer will become metastatic. 

, instability characterizes the aneuploid 
Genomic xnstaoixx * . , in 

cer cell Losses of genetic material are critical 
25 cancer cell. sive muta tions in tumor 

cancer b Y exposing »«» may also 

irr^.- c. genes contributing to tu^r 

30 mutation. However challe nge in cancer 

as tri-tetraploidy) has been Rrb itrarily 
research. Unbiased DNA fingerprinting by 
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■ rt PCR (AP-PCR. allows the detection moderate gains 
rt d L losses, o £ seances of - 

hromosomal localization. Using of 
£in gerprinting in this --^^ 
5 metastatic colon cancet is ^ ro „ s undergo 

sh ows that sequence m s^ ^ ^ ^ ^ ^ ^ 

both losses 4 . Moreover _ gains Qf 

20) in over half occurred in most 

sequences from chromosomes and 1 chrQmosomes of 

10 tumors, indicating the exis tence - wh±ch are 

A Titical step for metastatic colorectal cancer 

1 l5 comparative am P lot yP e analysis from pr ima ry an^ ^ ^ 

rU meta static tumors shows the ex " - ^ ceiia that 

f, gene(s) whose loss is specifically 

■ reach the metastatic stage. 

a 

1 biased DNA ti „ g erprinti» g of colorectal cancer. 

S ftP . PC R DNA fingerprinting is applied to the 

20 • -,i rhannes in human 

: ri lectirLsed on their fingerprints quality <low 
Aground, and quantity ( more ^£ ; ^ _ 

25 chromosomal origin for most n , ^ 

previously determined (Yasuda, ^ ^ 

Malxhosyan, S., Velazquez, A., S.xfcya, ented 
(1996) Genomes 34,1-7). Each autosome was rep 
bv a least one fingerprint band, except chromosomes 
3 d 21 The refore, estimation of band losses and 
30 19 21 • TnereI h two primers 

gains of the ^^'^X^ of colorectal 
allowed to establish a molecular **** ot ™ 
cancer. This molecular karyotype is called 
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■ C h it from the conventional 
-allotype", to ^ tl „,u s h f ^ 
-auexotype", whereby on y WH « - y ^ 
losses, can be determined. The m presum ed 
analyzed to determine the amplotype with 
; highest number of chromosomal changes. 

Fi gnre 1 shows the ^^^Z^ s ln 
ge nerated by the arbitrary primer^, ^ _ 
b and intensity are frequent ^ dlffere nces 

normal versus tumor tissues. 
L0 are due to variation In the overa -"^^ q£ 

metastasis of cas reproducible (see Examples 

15 bands are on the oth ^ losses) . 

for the criteria followed f only 
Because of the complexity of £l * ' derlved £rom 

„f the representative bands: D and u, 

-0 These bands showed consisten t ~" spo „ dic 
ONAs, in contrast -^h other o£ 
intensity changes, such as the 

2 and 7 in both prrmary (P) a» a 
band A m cases 2 ^ _ of 

metastatic (M, tumors, and case ^ ^ ^ ^ 

increases in bands E and «"» in both p a nd 

,, „, . ? 1 and 8 (both bands E ana 
P ^ " m both P and M) . Examples of 

M); 3 (only band E, m both ^ ^ ^ 

increases in bands D and 0. =.« ■ ^ (band ^ 

bands 0 and C In both P and « , ^ ^ ^ ^ ^ 
in both P and M; band D, m 
bands D and 0) . 
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Rppli ca t ion of the Genome ^ 

The ..Genomic Damage Fraction", or "GDF" is a 

„.„„„ « ... T::i ; : -""ir,::-::;,;; 

between non-normal cells < .9 the GDF is 

normal cells in Ills, and also, 
used to compare normal oel metastatic 

normal cells with "n^r ^ be deri ved using 

For example, the bur 
cancer cells. r ui r AP-PCR 

AP _ PCR - --^r^nge^i^ o f normal 
, technigue rs used to gen ^ are pre sented 

rprtain chromosomal regions 
representative of certar ^ 

subj ect as resold by o/normal 
.5 depicted in Frgure 1. The standard . Generally, 

cells is by definitron the baselr 

nf the cancerous cells wxxx 
the DNA fingerprint of the ^ 

dl£fete „t L/o'r stronger 

cancerous cells will ma terial) as compared 

20 bands U.e.. gain Rising Lor -r 

uith t ,e non-cance » .^.1 „ 

bands (r.e., loss The total number of 

with the Occurrences of additional 

deviations, r.e numb ^ ^ 

25 and/or stronger bands ln the 
is divided by the total 

non-cancerous cells resulting rn the GDF. 

.measure of the gain in nucleic 
n on-normal cells can be generated fro. < *• by 
3„ bands corresponding to gained „< . 1 o a « , 
the total number of bands present rn 
cells resulting in the GDF G . 
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A measure of the acids^the 
non-normal cells can be generat e » d fey 

bands corresponding to lost ^leic *c non . canceI ous 

i Viands present m lhc 
the total number of bands p 

cells resulting in the GDF t . 

Th e inten.it, of the bands vary 
of nucleic acids aggregating at a given p 
density of nuclei stronger 
on an Electrophoresis gel. ^ 

intensity in the W*™' ^ fragment s in the 

, indicates the existence of -»™ mQre DNR 

fingerprint gel and by "»apo ^ e relat ive to the 

molecules in the donor tumor tissue 

*l tissue cells, for example, by gam 
normal tissue ^ genomes 

acids in the region of parti cular 
^ t-hP sequences or tne f« 
.5 corresponding to the seq ^ . n the 

fingerprint band. Conversely, ^ 

tumor tissue fingerprint represents th ^ ^ ^ 

corresponding ^^^J* e a homozy gous deletion, 
particular sequence, for example, ^ 

20 is reflected by the > heterozygou s 

los s of the sequence, for e of „ parti cular 
deletion - loss of one of the simila rly, a 

sequence, is reflected by a ai sequence 
gai n of a few copies of a P ^ 
25 will be reflected m a b » d example , double 

• « it » in the tumor fingerprint, 
intensity m t A qain of many copies of a 

or triple intensity. by a ^ drastlc 

pa rticular sequence will b ^ ^ 

increase in intensity^ ^ ^ in the normal 

30 sequence that generates n o£ the sequence in 

tissue fingerprint, the ^ band in the 

the tumor cell genome may appea^ ^ ^ 

tumor prin B ot quantit ative changes 

bands represent thereto 
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in nucleic acids content between t»r and normal 



tissues . 



putative changes in APP« 
on th . other hand changes ^ ^ . 
iterations in the genome of the tu ^ Qr a 

c— 1 — n r: o/I pa i ulat segment o f the 
del etion or a inse, : r n ^ fingerprlnt . 

9 — ; the deietion 

Examples of sucn q of the 

4-v.at- are very common m tumux = 
mutations that are ve y , Tonov y , Peinado, 

;;„«"=*;.;:».-», — - :r - «•»- 

■ i= r^titive sequences or 
mutatl on : in s r ^.tx ^ ^ ^ moblllty 

5 : c i::i — * - b :; ::r s in 

th e tumor fingerprint,. The GDF may or may not 
incorporate these qualitative changes. 

„ot aii bands are of the same intensity in each 

sensitivity for detec ; ro ^ ^ practition er 

a source of van. ,1 V - ^ of detection is 

25 to practitioner, as long rtitloner to designate 

applied consistently by eac pr - ^ 

whether a band is present or «»>.ent 

o£ GDF will be consistent, » ^ Qf fche GDF 

rTi :irrt:i^r g :r:r;:a nds and total 

30 being a ratiu ^.l. 
number of bands. 



" ^ .SO be noted 

normalized for differences wrthrn 9 

th ere £ ore can be used as a fis such the 

individuals, or populations Qf the ohange 

:ir:rr. n — f - rrr;: r a - • 
— - :::: :» - • 

second indivr uau r rr ^ ^ ^ ^ ^ ^ 
, of mdrvrduals es tnat are 

r,::r;r;i:.;r. - — - — — 

in individuals. 

GDF provides a quantitative measure^ the 
. 5 genomic damage evidenced in /^//^ll provide 

non-cancer ceils in a su^e ct^ Th abiUty when 

a qualitative measure of a sub: established GDF 

v.-^t-', GDF is compared with an estao 
the sub 3 ect GDF i than an 

value, e.g.. where a sublet » ^ for the 

20 established value is --^rve ° „gr 1 than the 

recurrence of the disease, and GDF ^ 
established value is indicative of lesser 
recurrence of the disease. 

Alle Xi= iosses and oains in coXo.ec.aX cancer. 

Southern blot hybridization experiments with 
f E J and D showed that tumor-spectre 
cloned ban F, -d ^ due to 

increased intensity seque nces, and not an 

the higher copy number of targ q 

^ f rhP in vitro amplxf xcation v 

artifact of the m spetucho , M . (1992) Proc. 

30 Malayan, S., ^ Velazqu ^ nQt sho „n, . 
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, H bv the concordance of the relative 

als o illustrated by the x w±th the gend er 

intensities of band G from q£ Ap _ pcR 
of th e cancer patients changes of 

DNA fingerprinting to det ^ ^ f . ngerprlnts 

s chromosome copy number i ^ In 

of tumor «1 - Qf ohromosom e X band 
addition to the corre p Qf an 

intensity with the gende r of ^ ^ 

autosome is reflected y ^ ^ 

I" J fr » ^omosome 13 in The intensitY variation of band 

for this chromosome. The ^ ^ . n tumor 

g ains -see samples) ranged - ■ ^ { „ ome 13 

of allelic imbalances. 

■ort out PCR amplification of two 
we carried out PC P ^ ^ determlne 

ch romosome 13 -«°"" 11X chromosoma l imbalances 
the relationship between the chr 
20 detected by ^ing an ^ion of LOH in 

analysis, commonly used for th ^ ^ 

tu mors ^«° allel ° tYP ; n9 l: sleadlng to interpret the 
m icroalleloty P ing ^ ^ - e ^ ^ 

— : — s can be interpreted as 

25 tumors 7, 8 and ^ ^ ^ ^ ln 

indicative of LOH as shown by the 

^ « o f the ^ 160 ecus. ^ ^ ^ 
fingerprints (Figure ^ consistent change in 

hybridizatron (data ^ ^ ^ q£ chromosome 

30 these tumors was the gal ^ ^ microallelotyp mg 

13 sequences. Thes an apparent loss 

only detects allelic imbalances 
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of one allele in tumor compared ^ «° " 

whi le the use of microalleltyping aione is 
„ a1ns in combination with 
insufficient to deterge ^ n m the 

amplotyping provides additional « » ^ cancer 

chromosomal derations undergone telomeric chromosome 13 
oell . For instance, while m the more 
legion both alleles appear to b g - ^ 

1 o rrl 4_ a 2l region, gamb 
centromenc 13, 1 , ^ ^ ^ (Figure 4) . 

3 accompanied by tne 

Allotype of colorectal cancer. 

,n- = of these analyses are 
Th e global — uency Q£ losses and 
presented in Figur* ^ • ^ q£ ^ 

gains was similar. An or gains 

L5 chromosomal regions analysed ^ ^ _ 

per tumor and their Qmal losses is slightly 

The average frequency of ^ determined 
high er than the fractional ^ ^ Kern , 

by allelotyping (Vogelstein, B Kakamura , Y . * 

•n-„r, s R . preisinger, 
20 S.E., Hamilton, S.R., , n7 _ 2 21>. This may be 

p (1989) Science 244, 217 2/1) 
WhLt8 ' 1 of the more advanced stage of 

explained because of ^ ^ 

progression of our tumors. t aUelic 

mi r^ur - - - 

25 - — itegr: 

posltive W allelotyping - ne L ^ 

This situation i reveal y microailelotyplng . F r 

f ingerprinting Souther ^ ^ ^ q ^ 

30 instance, case 7 sh ^ HQWever , 

in the finger, ,rint ^ ^ ioss q£ _ alle le 

allelotypmg of these 



23 



of the chromosome e o band m both ::ir: v ;r :r;r c 

i c -From chromosome m 
polymorphic band S from The gain of the long allele 

tissues of case 9 (Figure 1) . 9 

compensates the loss of the short. 

Th e amplotype of metastatic colon cancer 

> ch - mOS ° meS 1 ; ve ' r 5 ' 0% of tam ors also exhibited gains of 
the tumors. over „ % o£ tumo rs 

band s from chrom. « ^ 8 and 

exhibited gams m multipi 
13 . 

, 1 — — - and metaStatiC °° 10n 

cancer . 

<= 1? cases with both primary 
The availabilrty o ~ ^ 

and metastatic tumors allowed ific . 
of the chromosomal changes were metastas 
20 Most consistent gams or ins tance, neither 

associat ed with w ; re events SP eci f ic f0 r 

the gains of chromosome 8 13 

the metastatic process, but to P«- d « 

4 losses and chromosome 6 gams w 
chr omosome 4 loSS6S me ta S tatic stage (Fxgure 

25 significantly associated to 



6) • 

AP- 



RP _P CR DNA fingerprinting can be used to detect 
eti c alterations during tumorigenesis . This approach 
r;eir t ;se.eral advantages ^ -^U- 
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so 



Proc . Natl. A cad Qf genetlc damage 

in tumor Tortola , S., Masramon, ' ' 

(Arribas, R^- C. > , - & ^ ^ 

Grlzzle W.E , Pe ^ technique also 

" in : ts 0 : 1 1 '. J. Lots fiction in man Y tumor 
permits trie siwui • The 

, +.« aiiplic losses and gains, 
samples of moderate allelic ^ previ6u sly 

— r;irr:L « .-^-.i i— » 

rr * -«c — t — 

5 iation hybrids < — M.A., Mal ,Ko sya S., 

Velazquez, A & Perucho, M. - » • - „_ , 

sci . ... 10065-10069; and — < „ 

Malayan, S., Velazquez, A., S «^ a ' T 

• o -^4 1-7 and work m progress) 
(1996) ^ represents . molec ular too! 

>n Consequently, tnis ayy 

of hrgh -solution for cancer 

^ the novel finely in ^ ^jjlT 
f ootential new tumor suppressor genes 
existence of potentra the 
colorectal c a ncer at chromosome 1 ' Qf 

25 metastatic stage at c-— ' ^ ^..^ ic 

recurrent chromosome 4 losses underS cores the 

cancer genes in colorectal cancer _ 
po ,er of unbiased OKA f ingerprrntrng 

aHHi tion, losses wj- 
30 genes. In addxtio . indicator for 

^:r: ~rr r - 

;: a r y HI orrcollectron of colorect.1 carcinomas for 
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to 
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Perucho, «. * Pein.*>. ".A. < 1997 > f . nqerprint band 
32 30-3 2 40, revealed that among the fx P ^ 
5 displaying recurrent alterations, * » ^ 

v, = r,rt n from chromosome 4 (Yasuaa, 
Blue primer band « fro z , A . , Sei.ya, T. I 

Navarro, M., MaiKhosyan, S V g ^ stic 

Perucho, M. (1996) Sano-xc. 34, Therefore , the 

— of r::- or:r. - - 

10 association of the 1o "" by assuming that the 

m etastatic stage may be *P -e y ^ ^ ^ 

tumors that undergo the losses 
enhanced ability to metastasize. 

Thus, another embodiment of the present 

v, h f identifying genomic regxons 
1S invention is ^ ^ho* Je^Uf^ * - 

• no i electrophoresis by fc-K 
sing le denaturxn g g el P Qf the DNA 

amplificatron wxth a S1 "« tissues of a panel of 

20 fto m normal, » ^ informat icn for cancer 

cancer patxents, yxeldx g exe m P lifled in 

diagnosis and prognose , for e ^ 
th e amplotype o ? cancer patients , (e.g., 

^formation of the cor P progressio n or 

25 continued monitorxng of th » «*» . of the tu mor 

+-v.q tumor, tne zeouj. j- 
regression of the turn rad iation therapy, 

si Torre:\rti::r:-a:: d ««. ^ - 

development of other ^ ^ prQgnostlc 

P3tient ' f :l can eri facilitated by focusing on only the 

30 markers for cancer useful 

mi norrty «* ^ --rprrnt bands tightly 

prognostic markers ( . _ while the 

-rdul: IT.. - actual responsible cancer 
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x u identifies a genomic 
ge ne (i.e., the metastatic gene) < .den ^ 

on that is closely linked to the cancer g 
region that is hunting, 
facilitating the subsequent task g 

i „ ^-F the invention is 

whi i e the ,e-- : - - atic but not 

a band undergoing frequent losses ioned „ he re 

— 'itt;^ a n o £ a specific 

cancers . 

In addition, onoe identified the relevant 
»nd its rapid isolation from the 
prog nostic ; ar e : ts a ^ of the 

fingerprint gels P erating u seful cancer 

experimental approach 9 mapplng of the band to 

t - „„i.»rs For example, mapping 

rrro::ii ^ 

— ^ir. rri::: i:— — - 

polymorphic markers 

„, D4S339 and D4S524 T ^ facl litates the task 

(http://gdbwww.gdb.org/) . chromosomal 

...... •< 4 

5 routine testing in clinical settings. 

-i f^ndinq of our study is that 
The other novel finding 
. nai „s of chromosome sequences are equally 
^derate ^ dete rmination of losses 

H :ir estate that ft ,e gams represented no more 
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* ^ 0 rases studied with the 
than 5-7 copies in any of the cases 
arbitrary pri»rs use, in this -or*. - tec 
typlca i ^ can ,e 

Kohno, T.,Handa, a » ^ 

253 - 25 B>. The lower ^ ^ ^ „ sensitlvit y 
chromosomal gains appears formally be 

Limitations of the method «^ » cQntrast uit h 

dlst in gulsh t~ ««.P - - — ; ifference Qf an 

r;^:r;:;'tr;ee _ - — 

so critical. 

occu , Mi th a fM « ? .i^-^r, r« 

pr eviously reported .V / ^ be expla ined 

cytogenetic (CGH, approaches T ent of 

because our approach to detect gains 

the Location of the gained seguer ,„ = ertne ^ 
chromosome recognrzable be detectab le b y 

chromosomal region of a mini chr omosomes 
CG „. The high freguency of tumor 
6 , 8 and 13, illustrates the lB port.n<* fo ^ 
progression of chromosomal balances leading 
25 over representation of gene products. 

AP _ PCR fulfills the retirements ^^ c ^ ate5 

— of its " £t ;;-;;iirr:r r ; t e gams of 

30 ^^r^.. —g r 

Lstence of a gene or a set of gen n th. 

chromosome ::::;i: .--».. 

selected during tumor progression, P 
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f a sele ctive advantage for growth or 
products confer a ^ nypot nesis is based on 

survi val to t h e ^ somatic mutation occu 

tne prrncrp e that ^ ^ is probably 

independently and m Fearonf 



:r:"=" : rTr 

D . F . f Nakamura, Y., et QVl . m , 7U K , Lama, C, 

^ Tx-fa-rh M r Shimxzu, 

have been described in 



Gains of chromosome . 
° colorectal cancer by oogenetics and . ecu 1. ^ ^ 

W cytogenetics. The frequency of such garn s 

M ^ ™ 9n-sn% bv cytogenetics. 

lfi trisomy, range fro m 20 50. * * B. (1990, 

fU 1S .Huleris, H.. Salmon, R.J. °" 3g o£ 116 (B ardi, 

S cancer Senet. Cytocenet .6 1 ^ Q fi 

G . / Sukhikh, T., Pandrs, N., „. 109); or 

fa . „ ,1995) Genes Chromosomes Cancer J. 

IU Heim, S. (19301 « Steinbeck, R., 

|i by CGHt 8 of 16 (Ried. T.. Knutzen R. St. ^ ^ 

S 20 Blegen, H., Schrock, E.. Hese l.eyer K d ^ 

ft uer, C, (1996, -es Chro— ' ^ ^ 

0sing ftP -PCR "»«^ rlnt "' 7" " print bands (Figure 
of 76% by scoring individual f.noerp ^ 
5»- These three fingerprr ^ n Qf . £ew 

25 eg subchro.oso.al regror ; s at a 

m egabases, by the use ° ^ dQes not exclu des 

manuscript in preparation) ^ 
C - My c as the nost obvious «ndrdate There are 

sel ected for during tu.or P"," - ^ ^ 

30 numerous reports on c-Myc a Annu . 

(Marcu , 

Rev . BM . x, reached a frequency as 

However, none of these x p 



: 

:;:::=-:.<».. ~ r -*■«;:":;::;, 

and the chromosomal region undergoing over 
gams, and the chl rplpvant qenes for 

n , ation may contain additional relevant g 
representation may Kohno, T . , 

mv^aki T . , Taklta, J. f *°imu, 
tumor progression (Okazaki, , 3 _ 
. , t (1996) Hum. Genet. 98, ^ 
LO Handa, H. & Yokota, J • U** 

258) . 

Similar analysis of the chromosome 13 gains 

yields . _ r a r: ver 

fingerprint bands A., E and Work in progress is 

15 represented in many cas « > ^ region(s) o£ 
aimed to localize more precisely prevlo usly 
gain o£ thl s chromosome, which have been 1 o p 
Implicated in colon cancer by cy-genetr^ 10 o 

^lmon R.J. & Dutrillaux, B. 1^ 
(Mulens, M., Salmon, ^ ^ 

20 Cancer Cenet. ^ Kro ^ f O. , 

G . , sukhikh, T., Pandis, N., Fenge ^ 
. (1995) G ene S Chromosomes Cancer x , 

Heim, S. (lays) Foss ii T., Danielsen, 

KFLP/LOH: 10 of 31 (Lothe, R.A., Fossil , 

■ A E Nesland, J.M., GalUe, B. & 

H. E., Stenwig, A.E., Nes _ 

A L (1992) J. Natl. Cancer Insti. 
25 Borresen, A.L., ' 

1108);andCG ,.eof ,, 

rsTr^raLso'fi, ^ — G 

! „ Booker, T., Zirngibl, H., Ruschoff. J. * 
30 Scherthan, H., Booker , 60 02-6005) 

T-i M995) Cancer fees 33, uuu 
HOfstadter, F. U99o) Because of this high 

analyses, but with lower frequency. Because 
anaiybes, ^ loci is a 

incidence, the over representation of 13q 
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nea rly oblatory step fOI th e late -a.es of — , 



cancer . 



mi croallelotypxng may be only T . G ., PicMord, 

.UeJ-ic imbalances (Ah-See, K.W., Cooke, T . 

aixex n . a (1994) Cancer Res 3* , 

0 I.R., Soutar, u. p ^ 
i«n 1621) but not LOH (Nawroz, H., van ae 
1617-lb^D duu Sidransky, D., 

p it Koc h, W., Ruppert, J.M. * 
Hruban, R.H., 1152 -1155> which are not 

{1994) Cancer Ses. 54 ^ f 

equivalent. However, - informati on on the 

L5 ^crdlelotypin, M y ^ « alteratlon8 . Our 

mechanisms underlying these 

— - dicat ;.ri;::e e ;i:: t ::::e c ::i r ;a S e ,„ 

relevant alteration a.s the q sele ction 

ge netic material, because there ap a to be ^ ^ 

20 for gains of either of the two *^°> ' ^ over 

on^ of the chromosome 13q allele 

some cases, one of tne ^ fche 

• o of some sequences may be aibu 
25 other hand, gams of some q ^ ^ 

■ j t OH (for instance, see rxyu 
accompanied by LOH iro Zam boni, 

„. t Scarpa, " ' <» > and negati ve 

30 "rr. irdr; :r: r — — i » 
r^—i — - - 

a protective mechanism for cancer 
.Isclosxno. a ^ mutational 

development, because 
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chromosomal regions. 

The f on«i» 9 exa mP le S are ,iven 

those of .uu - r :: :;:;:::r t i:, y «- 

representative thereof. 
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pvaMPT.E 1 

Method of Identifying Genes Associated 
With Colorectal Cancer 

Tumor samples . 

colorectal tumors their normal tissue 
Prrmary <=^™ c " Dukes . D co lon 

counterparts included 12 prxm y ases (12 of 

carcin omas and 25 colon cancer Ixver 

- — :v e tt oHT. :i» - — 

carcinoma patrents) . Most o agree ment 

from the national Cancer Center cancer of 

„ ith the low incidence of metastasis " 

the microsatellite mutator phenotype ■ 

„.... M - h o ; yan 3 S rr a _ ^ 

Nature (London; 363, bSb , Some 

exhibited enhanced microsatellite - * ^ f 80 tumors 
metastatic colorectal «^ ^ follou _ up 

i- Q r- c^aaes of tumor progressiui 

at earner stages Tort ola, S., Masramon, 

- i nr ; r r:r/ M :^ -ado, «... 

D L., Grizzle, W.E., * obt ained from the Human 

in ??10-3240 were obtaxneu 

Birmingham) . 



AP-PCR DNA fingerprinting- 

Velazquez, A., & feru C apella, G . , 

SCJ . ^ ... iCC^OOe, anc ""^ M . . 
Tortola, S., Masramon, L., Grizz 
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Peinado, M.A. (1997) 



j. dm. Oncol. 15, 3230-3240. 
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Peinado, M.A. .1997, J. - ampl if ication in 
DNft ,50-100 ng> was ed to ^ 
25 ml of reaction «: 1 unit o£ q 

( Pe r ,rn- E lmer-Cetus, ,10 o ^ ^ ^ ^ f 

^Z' r-l Sl - as Piously 
prrmer. The A Malkho syan, S., Velazquez, 

described in (Pernado, 

A t Perucho, M . , (1992) Froc. Natl. 

:,: ioo 65 -iooe9, .i th „ ^ =«;:;::;:: r^iniain 

-« - -cles is - impor an pa ^ ^ 
parity ot ampli rca t ; n ^ _ ^^^^ 

A & Perucho, M. , (1992) Proc. Natl. 

::: s . ; he :L — — ^-r^ 5 

_ been desert in (^a , ^ ^ 
Ma l k hosyan, S., Velars, * S.J^ ^ ^ f ^ 
(1996) Genomics 34, -l m- 
is 5' ATT CAA GAC TGC CTT TCC TA 3 ' . 

4- «-F AP-PCR fingerprint bands. 
Chromosomal assignment of AP PCR 

— -- nme :;;i e ri t :;r d : 7™^. , 

— a . -in/speci.ic primer sets 
and 2 (Coriell Cell Resear cl oned 

— °r tr :r :::::: :r::: s - -~u~ 

Iirr d -rel:pli f re d with the same ^ 
cloned using the PCR script system (Stratage 
TA clonrng system , itrogen, .ollowrng the 

' raanUfaCtU r rS d bra y e re used as probes in Southern 
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M A , Xonov, *. S McClelland, M . ( — > " Enzymol . 

i oriain of other fingerprint bands was 
chromosomal ongm , Yasuda , J., Navarro, M., 

— SHARP met r C T. * Peruoho, «. 

(1996) Genomics 34, 'I- rtescrlb ed (Peinado, 

of cloned M -PCP bands was done as d s r b 

„.*. - laz ;;; 9 , A ;; o ; 5 - 10 o 6 9, 

Proc . Natl. Acad. Sea. VbA o*, 



Densitometrical analysis. 

„. .... <° *-""'"•„:; ;;: 

— "•"• i "i:\:r.r:L™.;r.::r».«» 

^^+-w^rp (Pharmacia) using an 
wit h XmageMaster < backgroun ds of the X-ray 

PS/V personal colter The 9 subtracted us ing 

film and of the individual I*™" £ollowing 

oligonucleotides, ana scint illation 

„ :;r:::-:rir::r::«L. — 

the AP-PCR fingerprinting gels. 



.^nation of the status «* gains and losses. 

scoring .uantitative changes between normal and 
um or tissue fingerprint bands was made by 



densitometrical analysis and by visual inspection, 
establish the criteria for gain and loss in the 
d ensito m etrical analysis, the data of the fingerprints of 
normal sables were caiibrated. The -an standard 
5 deviations of non-polymorphic bands were estimated to be 

ba nd intensity due to experimental variation usua 1 was 
be t„een 0.9 to 1.1. Considering the contamination 
tumor tissue by normal cells, a normal range was 
10 established of apparent allelic variation from 0.75 
1 25 of the tumor/normal ratio. Therefore, only 
actuations in band intensity superior to this range 
„ere considered diagnostic of chromosomal imbalances 
E „ with 50* of normal tissue D N A contamination in tumor 
15 DNA, the ratio of trisomy <in a hypothetical cell 

retlining diploidy in the rest of the ch romosomes w uld 

„ ou ld appear as 0.75. Our tumors did not have more than 
a 2 o-30% contamination of normal tissue, as analyzed by 
20 histological examination (data not Shown,. therefore 
th. approach used in the scoring of gams and losses 
been conservative. 



